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Parthenium hysterophorus L. 
Introduced species of plants and animals referred to as alien species or 
invasive species; generally alter ecological communities (Vitousik, 1992). At 
the highly disruptive end of the spectrum of mild to strong alternation, 
communities may become so transformed by alien species as to be scarcely 
recognizable (Loope, 1992). Posey (1988) showed that the alien species 
changed the physical habitat as well as the richness and densities of the resident 
fauna. Thus, stabilization of an existing community or a change in community 
composition that in turn, leads to a new level of stabilization. 
Unlike natives, aliens ('non-native' or 'exotic') owe their presence to 
direct or indirect activities of humans. Most of them occur only temporarily 
and are not able to persist for a long time without human assisted input of 
diasporas, these are termed causal. Naturalized taxa from sustainable 
populations without direct human help but do not necessarily spread, the ability 
to spread characterizes a subset termed invasive taxa. 
Alien species are non-native or exotic organisms that occur outside their 
natural adapted ranges and dispersal potential. Many alien species support our 
farming and forestry systems in a big way. However, some of the alien species 
become invasive when they are introduced deliberately or unintentionally 
outside their natural habitat into new areas where they express the capability to 
establish, invade, and out-compete native species. 
Invasive plants are known to exert significant impact on the native 
communities, resulting in their displacement and hence an imbalance in natural 
and agricultural ecosystems (Pimentel et al, 2001, Sakai et al., 2001). This 
imbalance results in the formation of large monocultures of invasive plants in 
the alien environment. In fact, invasive species are an important component of 
global change (Vitousek et al., 1996). Invasion may be accidental or deliberate, 
as a result of introduction of some species on purpose. The success of these 
species in the alien and new environment may be attributed to several reasons. 
Many theories have been proposed in this direction. Among the theories 
proposed for the success of invasive species, absence of natural enemies 
(pathogens, predators, or pests) known as Natural Enemies Hypothesis or 
alternatively allelopathy (through the release of chemicals into the 
environment, known as Novel Weapon Hypothesis) have been proposed 
(Heirro and Callaway, 2003). Besides, invasive species also have an ability to 
undergo genetic changes due to selection pressure imposed by the alien 
environment and exhibit quick response to anthropogenic disturbances (Sakai 
etal., 2001). 
Invasion of exotic species is among the most important global scale 
problems experienced by natural ecosystems. The growing human population 
and improved transcontinental transport have increased the scales of movement 
of non-indigenous organisms, and the current enhanced rate of invasion 
constitutes one of the most important effects that humans have had on the earth 
ecosystem. Over 40% of the species on the list of threatened and endangered 
species is due to invasive species (Wilcove et al., 1998). Rejmanek and Randall 
(1994) estimated that 20% or more of the plant species is non-indigenous in 
many continental areas and 50% or more on many islands. 
About 18% of the Indian flora constitutes adventive aliens, of which 
55% is American, 10% Asian, 20% Asian and Malaysian, and 15% European 
ana Central Asian species (Nayar, 1977). Although large number of exotics 
have become naturalized in India and have affected the distribution of native 
flora to some extent, only a few have conspicuously altered the vegetation 
patterns of the country, Lantana camara, Mimosa invisa, Parthenium 
hysterophoriis and Prosopis juliflora among terrestrial exotics, and 
Eicchhornia crassipes and Pistia stratiotes among aquatics, have posed serious 
threat to the native flora. 
Ecological impact of invasive plant species 
The potential for non-native species to alter ecosystem structure and 
function has been broadly recognized (Vitousek et al., 1997). Fire regime, 
hydrobiological patterns, ecosystem nutrients and energy budgets can be 
modified, and the abundance or survival of native species can be adversely 
affected. There are three possible outcomes of ai'dition: increase, decrease or 
no change in ecosystem processes (Sala et al., 1996). Increase in ecosystem 
processes could occur particularly in systems that have previously lost some 
species. Introduction of new species can also decrease the ecosystem processes 
(Sala et al., 1996) and can lead to deleterious effects. 
Economic impact of invasive plant species 
The economic impacts of invasive species are both direct and indirect 
(Bigsby and Whyte, 2001). Direct impact reflects the effect of the invader and 
indirect impact implies general effects that are caused by the presence of the 
invader, which could affect public health. 
Heavy impacts of invaders can be exemplified by the fact that the 
eastern North American deciduous forests have suffered more due to invading 
pests and pathogens than from pollution and acid rain (Lovel, 1997). 
Parthenium hysterophorus (Family - Asteraceae), an exotic species 
from Tropical America, has naturalized most of India because of its strong 
invasive potential. In India, it was accidentally introduced through PL-480 
wheat imports during 1950s. The weed is an aggressive colonizer of degraded 
areas with poor ground cover and exposed soil such as fallow wastelands, 
roadsides and overgrazed pastures. Parthenium hysterophorus is considered as 
a noxious weed because of its prolific seed production and fast spreading 
ability. It inhibits the germination and growth of other plant species due to 
allelopathic interactions (Adkins and Sowerby, 1996). 
It shows plastic response to soil quality leading to two different 
contrasting strategies which contribute to its success as an invader. The first 
strategy results in tall, fast growing competitors with small seed mass, 
appropriate for rapid population expansion. The second results in short plants 
with high seed mass for persistence in less favorable habitat leading to slow 
build up of population, with a gradual increase in size of the seed bank 
(Annapuma and Singh, 2003). 
Objectives 
1. To study the plant community structure in P. hysterophorus infested 
vegetation patches. 
2. To study the effect of Parthenium hysterophorus on species diversity, 
richness, evenness, dominance, density and frequency in native 
vegetation. 
3. To study the impact of Parthenium hysterophorus on native vegetation 
plant biomass, root length and shoot length. 

1. DEFINITION 
Invasive species are broadly defined as those species that are not native 
to an area and that may potentially displace or otherwise adversely affect native 
plant and animal species (Mack et al, 2000, Reichard and White, 2001). 
Convention on Biological Diversity defines invasive alien species as 
those species that are introduced outside of their native biogeographical ranges, 
but may still be within the same nation, region, province, canton etc, and 
threaten ecosystems, habitats and species etc. (Anonymous, 2001). In a white 
paper on invasive species, "Definition Clarification and Guidance" submitted 
by the Definition Sub-committee of the Invasive Species Advisory Committee 
(ISAC) and approved on April 27, 2006, t>vo definitions of invasive species are 
given (a) Executive Order 1312 defines an invasive species as "an alien species 
whose introduction does or is likely to cause economic or environmental harm 
or harm to human health", (b) In the Executive Summary of the National 
Invasive Species Management Plan (NISMP) the term invasive species is 
further clarified and defined as "a species that is non-native to the ecosystem 
under consideration and whose introduction causes or is likely to cause 
economic or environmental harm or harm to humai: health". 
1.1 A Comprehensive Definition 
A close look at the definitions reproduced in above paragraphs indicates 
following two characteristics of invasive species. 
(a) Must be introduced intentionally or accidentally outside their native 
range of distribution. 
(b) Must cause or should be likely to cause harm to environment or human 
health. 
A third point, which is not explicitly stated but is implicit in these 
definitions, is the capability of an invasive species to successfully compete with 
the native species, establish and expand. Therefore, a more comprehensive 
definition of invasive species may be as follows "Any plant or animal species 
which is introduced into an area outside its native range of distribution 
competes successfully with nature fauna or flora becomes established, expands 
its area of distribution and causes or is likely to cause harm to environment and 
human health". 
1.2 Are Invasive species and Introduced species synonymous? 
A distinction must be made between alien or non-native and invasive 
species. All species which enter into new areas outside their native range of 
distribution are not necessarily invasive. An invasive species must cause 
demonstrable harm to environment or human health. Therefore all invasive 
species are alien in nature but all alien species are not necessarily invasive. 
2. HISTORICAL PERSPECTIVES 
The migration of plants to new areas is not a new phenomenon. 
Taxonomical works of post Linnaean era routinely stated the distributional data 
of every species aiid also pointed out whether a particular species was native to 
the region under consideration or introduced. Alphones De candoUe, Charles 
Darwin and Joseph Hooker paid a substantial attention to plant invasion 
(Rejmanek, 2005). It was after the publication of The Ecology of Invasion by 
Animals and Plants (Elton, 1958) that invasive ecology emerged as a new 
discipline of ecology. Invasion ecology progressed at a slow pace from 1960 to 
early 1980s (Salisbury, 1961; Baker and Stebbins, 1965). From late 1980s to 
present, a voluminous literature has accumulated on this subject (Drake et al., 
1989; Williamson 1996; Shigesada and Kawasaki, 1997; Sandlund e/a/., 1999; 
Sheley and Petroff, 1999; Bossard, et al., 2000; Tellman, 2002; Child et al., 
2003 and Kowarik, 2003). 
3. PATTERN OF DISTRIBUTION 
In general, negative correlation between number of species and latitude 
(Pinka, 1966; Rohde, 1992; Brown and Lomolino, 1998) is seen in the great 
majority of taxonomic groups for example vascular plants, algae, birds, 
mammals, reptiles and many others (Fischer, 1959; Gaines and Lubchenco, 
1982; Willig and Selcer, 1989; Currie, 1991; Rex et al, 1993; and Blackburn & 
Gaston, 1996). 
Sax (2001) studied latitudinal gradients and geographic ranges of exotic 
species and concluded that within the tropics few exotic species have become 
naturalized and those that are have established large geographical ranges. 
Outside the tropics, exotic species of birds, mammal's fishes and plants 
demonstrate qualitatively the same pattern as native species, that is, richness is 
negatively correlated and range size positively correlated with latitude. Further, 
geographical ranges of naturalized species on continents rarely extend to 
latitude lower than in their native ranges. However on islands exotic species are 
more frequently naturalized at latitudes lower than those in their native ranges. 
4. BIOLOGICAL ATTRIBUTES OF INVASIVE SPECIES 
An invasive species has to compete with native species in order to 
establish itself in a new habitat. Several studies have been conducted to 
recognize biological attributes which confer invasiveness upon a species. Some 
important attributes that make a species a successful invader are as follows: 
4.1 Geographical range: The size of native geographical range may be a 
possible predictor of species invasiveness. Force''a and Wood (1984) argued 
that there was positive relation between area of native distribution and invasive 
capacity. They believed that the propogules of the species having wide spread 
distribution had a high probability of transport to other countries or continents. 
4.2 Fitness homeostasis: The ability of an individual or population to maintain 
relatively constant fitness over a range of environment is fitness homeostasis 
(Sharma et ai, 2005), In other words a species possessing wide ecological 
amplitude has a better chance of survival in a new habitat. For example in India 
Latana camara covers an altitudinal range of upto 2000 m in Pulnis-hills, 
southern India showing fitness homeostasis. Similarly Parthenium. 
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hysterophorous is reported to occur from Rajasthan to Bori Wildlife Sanctuary 
in Madhya Pradesh at about 1300 m above msl. 
4.3 Animal dispersal: Vertebrate dispersal is responsible for the success of 
many woody invaders (Rejmanek and Richardson 1996; Binggeli, 1996). Seeds 
of Z. camara are widely dispersed predominantly by fruit eating birds, sheep, 
goats and monkeys etc. Jaryan et al (2007) reported the dispersal of seeds of 
Sapium sebiferum by birds in some localities of western Himalayas, Animal 
dispersal may play an important role also in dispersal of herbaceous invaders. 
For example the seeds of Bidens pilosa and Xanthium strumarium get 
entangled in the fur of animals and are dispersed far and wide. 
4.4 Seed number size and weight: According to Rejmanek and Richardson 
(1996), three attributes of reproduction are associated with invasiveness of 
woody species in disturbed landscape. These att'-ibutes are (a) small seed 
weight (<50 mg), (b) short juvenile period (<10 years) and (c) short interval 
between large seed crops (1-4 years). 
4.5 Taxonomie affinity: Alien species belonging to exotic genera are more 
likely to be invasive than the alien species with native congeners (Rejmanek, 
1999). This summary is supported by the fact that some important invasive or 
potentially invasive species in India {Lantana camara, Eichhornia crassipes, 
Chromolaena odorata, Eupatohum adenophorum, Mikania micrantha, 
Xanthium strumarium, Hyptis suaveolens and Soliva anthemifolia) have no 
native congeners. Strauss et al. (2006) showed that highly invasive grass 
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species are on an average less related to native grasses than are introduced but 
non-invasive grasses. Aronson et al. (2007) tested for differences in life history 
traits between 456 native and alien woody flora of New York. They concluded 
that alien species that are deciduous trees, shrubs or vines with fleshy, fruits 
were most successful in increasing their distribution in this urban landscape. 
4.6 Competitive ability: Garcia et al. (200'') evaluated inter-specific 
competition between three Seriecio species representing the same bushy life 
form (5. inaequideris and S. pterophorus, aliens from South Africa and native 
S. malacitanus). S. malacitanus was the most competitive species under 
conditions of water stress but water availability was not limiting. Barrat and 
Marie (2005) studied competitive interaction between Elodea canadensis 
(indigenous) and invasive Elodea nuttallii. The plants were grown in 
monocultures and mixtures in two spatial patterns (aggregated and mixed) and 
the developmental stages (small or large plants of E. canadensis and small 
plants of E. nuttallii). In monocultures the growth of E. canadensis was 
significantly lower than that of E. nuttalli. In mixtures in E. nuttallii out 
performed E. canadensis. 
4.7 Allelopathy : Allelopathy is an important attribute of a plant which helps 
reduce competiticn by inhibiting the germination and growth of co-existing 
plant species. Therefore, the species capable of releasing allelochemicals are 
more likely to invade and establish in a new ecosystem (Sharma et al, 2005). 
Several invasive species are known to make use of this strategy. L. camara is 
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capable of interrupting the regeneration process of native species by decreasing 
germination, reducing early growth rate and survival by allelopathy. Several 
studies have documented the allelopathic effect of Parthenium extracts on wild 
and crop plant species. For example the inhibition of Lemna pausicostata 
(Pandey, 1997), Ageratum conyzoides (Batish et al., 1997, Kalia et al, 2000, 
Singh et al, 2002), Cassia sophera, ( Rehman, 1998), kidney bean (Sinha and 
Deo 1999), soybean (Oudhia, 2000), sunflower (Oudhia, 2000), Eragrostis tef 
(Tefera, 2002). Besides Parthenium, some other exotic species have been 
shown to exert allelopathic influence on co-existing species. Allaie et al. 
(2006) showed the allelopathic effects of leaf leachates of Anthemis cotula on 
Brassica campestris and Vigna radita. Aqueous and ethanolic extracts of 
Solidago canadensis were shown to inhibit the seed germination and seedling 
growth of Morns alba, Pharbitis nil, Triticum aestivum and Brassica 
campestris (Tripathi et al, 1981). Rai and Tripathi (1982) are of the view that 
the potentiality of Eupatorium riparium and E. adenophorum to dominate other 
plant species in Meghalaya is due to their allelopathic properties 
4.8 Approaches to evaluate allelopathy as a mechanism for invasion 
Three approaches have been used to examine allelopathy as a 
mechanism for invasion (Inderjit et al, 2008). (a) The Traditional Approach 
examines exotic invasives in the same way that other native plants, suspected 
possessing of allelopathic properties, are studied. In this approach dose, fate 
and replenishment of chemicals can provide powerful evidence for allelopathic 
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processes, (b) The Biogeographical Approach often does not provide as much 
mechanistic evidence as provided by the first approach but comparing the 
allelopathic effects of exotic invasives on species from their native and invaded 
communities yields stronger evidence than the traditional approach for whether 
or not allelopathy actually contributes to invasive success, (c) The Congeneric 
or Phylogenetic Approach involves comparative studies of exotic species with 
natives in the same closest possible genus. Congeneric approach is limited in 
inference and has been used to study the role of natural enemies in exotic 
invasion, but this approach has not been widely used to study allelopathy and 
invasion. Following are a few examples of these approaches. Lantana camara 
severely reduces seedling recruitment in almost all native species under its 
canopy (Gentle and Duggin, 1997) and can suppress the growth of trees under 
which it grows (Sharma et al, 2005). Kong et al (2006) found phytotoxic 
activities of lantadene A and B and pentacyclic terpenes extracted from 
Lantana leaves against Eichhornia crassipes and the alga Microcystis 
aeruginosa. Mugv/ort (Artemisia vulgaris) is native to Europe, Northern Africa 
and Western and Central Asia but is an exotic invasive in eastern North 
America. Inderjit and Foy (1999) found that soil amended with A. vulgaris 
plant material suppressed seedling growth of red clover (Trifolium pratense). 
This inhibitory effect could be eliminated by addition, to soil, of activated 
charcoal as a general absorbent of chemicals. Parthenium hysterophorous, a 
native of Mexico, is a well documented invasive species in India where it 
influences crop production, animal husbandry, hi:man health and native plant 
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diversity (Evans, 1997). There is evidence for allelopathic effects of this 
species, and several phenolics and sesquiterpene lactones have been reported 
from its tissues (Kanchan and Jayachandra 1980; Srivastava et al, 1985; Jarvis 
etal, 1985 andDayama, 1986). 
Prosopis juliflora (mesquite), a fast growing tree species, native of 
Central and South America, has rapidly extended its global range and 
eliminates native residents in the invaded communities. Studies on this species 
combine aspects of congeneric and traditional approaches both (Sharma and 
Dakshini, 1998; El-Keblawy and Al-Rawai 2007). The leaf leachates and 
extracts of P. juliflora show allelopathic effects against native species in its 
invaded range but not the extracts from leaves of P. cineraria, a native of 
Indian subcontinent, collected and applied in the same manner (Goel et al, 
1989). Both species possess phenolic compounds. It was suggested that 
different chemical composition of P. juliflora slows down litter decomposition, 
thereby, causing the accumulation of litter, phenolics and other chemicals in 
soil. Inderjit et al. (2008) compared the total phenolic contents in the soil 
collected from the rhizospheres of these two congeners. Soils beneath the 
exotic P. juliflora contained 63.2% higher concentration of total phenolics than 
soil beneath the native P. cineraria. They provided following 3 proximate 
explanations for the allelopathic differences among congeners, (a) species in 
invaded communities are more susceptible to specific chemicals exuded by the 
invasive congeners than the native congeners, (b) the invasive congener 
produces higher amounts of biologically active chemicals than the native 
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congener, or (c) biochemicals produced by the invasive congener breakdown 
more slowly than those produced by the native congener. 
Alliaria pedolata (Brassicaceae), a native of Europe has invaded North 
America where it suppresses native species. Prati and Bossdorf (2004) 
compared the allelopathic effects of European (native range) and North 
American (invaded range) A. pedolata by manipulating chemical effects with 
activated carbon. They tested alleopathic inhibition by A. petiolata of the 
congeneric species, the European Geum urbanuir and the North American 
Geum laciniatum. A general increase of 14% in germination was observed 
indicating that garlic mustard contaminated the substrate through root exudates. 
North American Geum laciniatum had a much stronger increase in germination 
as compared with European Geum urbanum. 
4.9 Phenotypic plasticity 
Phenotypic plasticity refers to the ability of a genotype to modify its 
growth and development in response to changes in envirormient (Dorken and 
Barrett, 2004). Annapuma and Singh (2003) studied the phenotypic plasticity 
of Parthenium hysterophorous in five soil types prepared by mixing sand, soil 
and clay in various proportions. It was found that Parthenium hysterophorous 
shows plastic response to soil quality leading to two different contrasting 
growth and reproductive strategies which contribute to its success as an 
invader. The first strategy results in tall, fast-growing competitors with small 
seed mass, approf)riate for rapid population expansion. The second strategy 
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results in short plants with high seed mass for persistence in less favorable 
habitat leading to slow buildup of population, with a gradual increase in the 
size of seed bank. 
4.10 Genetic Diversity 
The work to understand the value of genetic diversity as ecological 
attributes of invasive species is a recent development. Tsutsui et al. (2003) 
have shown that individuals of {Linepithema humile) from less genetically 
diverse colonies attack individual from more diverse colonies and that attackers 
survive agonistic encounters more than 6 times as often at recipient of 
aggression. Brodersen et al. (2008) studied 15 different genotype of Phalaris 
arundinacea from both its native (European) and invasive (North America) 
ranges. It was found that a high variability existed in the physiological trait 
among invasive genotypes of P. arundinacea yet genotype from the native 
range was not necessarily physiologically inferior to the hybridized invasive 
genotypes. The lack of clear differences betveen native and invasive genotypes 
indicated that physiological traits may be highly c-unserved in P. arundinacea 
and enhanced photosynthetic rates were not indicative of successful invasive 
genotype. In another study (Tsutsui et al, 2000) on population genetics of the 
invasive Argentina ant {Linepithema humile) in its native and introduced ranges 
using micro satellite markers it was shown that introduced population had 
reduced genetic diversity. In contrast, native populations were found to be 
more genetically variable. 
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Pysek et al. (2003) studied the vegetative regeneration of individual 
genotypes of Asian Reynoutria taxa. The genotype studied were R. 
sachalinensis (5 genotypes), R. japonica (a single genotype) present in the 
country, and their hybrid R x bohemica (nine genotypes). Identity of genotypes 
was confirmed by isozyme analysis. Ten rhizome segments of each genotype 
were planted in a randomized block design. After 30d, the regeneration rate of 
each genotype was measured as the proportion of rhizome that produce shoot. 
Hybrids, genetically intermediate between the parents, regenerated better than 
those closely related to parents. The study showed that novel hybrid invasive 
genotypes may be produced by rare sexual reproduction fixed by clonal 
growth, and presented a previously unknown threat to native vegetation. 
4.11 Physiological characteristics of invasive species 
Dunbar and Facelli (1999) measured the impact of an introduced plant 
species Orbea variegata (African carrion flower) upon a dominant shrub 
Atriplex vesicaria (bladder saltbush). Pre-dawn water potential and growth of 
saltbush decreased in the presence of Orbea. Orbea appears to limit water 
availability to salt bush either by direct competition, a decrease in rainfall 
penetration through the soil or in combination of both. 
Swamy and Ramakrishnan (1987) studied biomass and nutrient 
allocation to various component of Mikania micrantha in various serai stages 
after slash and bum agriculture. The allocation of biomass and nutrient to the 
leaf component and for reproduction was low in a 12 year old fallow. On the 
18 
other hand, allocation to the rosettroot, which is the perennating organ, 
increased in the older fallows and is a strategy for survival and regeneration 
after a subsequent perturbation. Lower nutrient uptake efficiency and higher 
nutrient use efficiency in 6 and 12 year old fallows are adaptations for survival 
in a nutrient limiting competing environment. Toky and Bisht (1992) compared 
the root architecture of indigenous and exotic tree species growing in arid 
climate of Northwestern India. The roots of indigenous trees were confined to 
80 cm while those of exotic species penetrated more deeply to 233 cm. The 
number of total roots and total root biomass was also higher in exotic species. 
McCarron and Knapp (2001) compared the photosynthetic rates in a 
native C4 grass Andropogon gerardii and C3 invasive shrub species {Cornus 
drummondii, Prunus americana and Rhus glabra). Photosynthetic rates in R. 
glabra were similar to A. gerardi and higher than in other two shrubs. It was 
concluded that the ability of R. glabra to maintain high photosynthetic rates 
and greater water use efficiency, in combination with its deep rooting ability 
may allow this species to be a more successful invader of grasslands than C. 
drummondii and P. americana. Indeed, R. glabra has widest geographical 
distribution in the continental United States. McDowell (2002) hypothesized 
that net photosynthetic capacity and resource use efficiency were greater in two 
invasive species of Rubus as compared with two non-invasive species. The 
invasive species had significantly higher photosynthetic capacity and 
maintained net photosynthesis over a longer period of year than the non 
invasive species. The invasive species achieved high net photosynthesis at 
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lower resource investment than the non invasive species. Using discriminant 
analysis the photosynthetic characteristic were found to be powerful in 
distinguishing between the invasive and non-invasive species of Rubus. 
Maximum photosynthetic rate (Amax and net photosynthesis per unit 
transpiration (A/E) were found as the most useful variables for distinguishing 
between the species, and therefore, may be impoitant factor contributing to the 
success of invasive Rubus species. 
4.12 Alternative mode of reproduction 
Vegetative propagation is responsible for increased habitat compatibility 
and, therefore, for successful invasion (Sharma et al., 2005). This mode of 
reproduction is particularly important for dispersal in aquatic habitats. The 
invasiveness of Eichhornia crassipes is mainly attributed to its free-floating life 
form and asexual reproduction by stolons. Secondary distribution range of 
Salvinia molesta which is completely dependent on vegetative reproduction 
ranges from 35° S to 30° N of the equator and occupies greater diversity of the 
region than its native range. Lantana camara, a terrestrial invader, also has 
enormous capability for vegetative spread through layering. Ipomoea carnea 
Jacq. also spreads rapidly through vegetative propagation and species has 
occupied a significant area of wet land in north India. Soliva anthemifolia Juss 
R. Br.ex Less is an American species, first reported from India in 1963 
(Bhattacharyya, 1963). This species is stoloniferous and was found to form a 
dense mat on serai-dried bed of the River Ganga in Hastinapur Wildlife 
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sanctuary. This formation of mat leads to near total esclusion of other species 
(personal observation). 
5. HABITAT ATTRIBUTES CONFERING INVASIVENESS 
All habitats are not equally susceptible to invasion. It must, however, be 
kept in mind that the vulnerability of a particular habitat to invasion does not 
imply that any invasive plant reaching there will succeed. Sharma et al. (2005) 
have listed five attributes, which might render a habitat susceptible invasion: 
(a) species poverty (b) poorly adapted native species, (c) absence of predators 
(d) gaps generated by disturbance (e) presence of empty niches. Pysek et al. 
(1995) and Williamson and Fitter (1996) believe that undisturbed (natural and 
semi natural) plant communities in mesic environment are more likely to be 
invaded by tall plant species. Conversely, forest and shrub lands are often 
invaded by short species, for example Hieracmm lepidulum (Wiser et al, 
1998). 
5.1 Daehler's Analysis 
Daehler (2003) analyzed 79 paired, independent comparisons between 
native and invasive plants. He concluded that the most common growing 
conditions favoring natives over invaders were environments witli low 
availability of such resource as nutrients water or light. 
5.2 Water table and salinity 
Some studies have identified specific disturbance regimes, such as 
periodic flooding (Sher et al, 2000), mowing and fire that favor native species 
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over invaders. Shafroth et al. (1995) found that the growth rate of native plains 
poplar (Populus deltoides) exceeded that of the invasive Russian olive 
{Elaeagnus angusiifolia) when plants were grown with a high water table and 
the conclusions were different when the water table was low. Reduced salinity 
favored the growth rate of native willows {Salix spp.) against the invasive salt 
cedar {Tamarix ramosissima) the troublesome rive-'side invader in South 
Western United State (Cleverly et al, 1997 and Glenn et al. 1998). Similarly, 
in salt marshes of the Western United States (Kuhn and Zedler, 1997) higher 
salinity favored the growth of native pickleweed (Salicornia subterminalis) 
over the invasive European annual beardgrass (Polypogon monspeliensis). In 
another study, the native perennial grass Festuca idahoensis, had a growth 
advantage over invasive European grasses under lower water conditions, 
particularly with less winter rains (Borman et al, 1990). 
5.3 Capability to fix nitrogen and success of legumes 
Some leguminous species are among the most aggressive invaders 
worldwide (Cronk and Fuller, 1995). Promiscuous legumes are more likely to 
find compatible symbionts in new areas, and consequently grow successfully in 
the introduced sites. Several highly invasive woody legumes are able to 
nodulate with a wide range of rhizobial partners (Richardson et al, 2000; 
Ulrich Zaspel, 2000; Rodriguez-Echevema et al, 2003 and Parker et al, 
2007). Rodriguez-Echeverrina et al (2008) studied the ability of three woody 
legumes grown in five different soils of a Portugal coastal dune system to form 
symbiotic associations with soil microorganisms and the consequences for 
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plant growth. Significant differences between the 3 woody legumes in the 
number of nodule produced, final plant biomass and shoot '^N content were 
found. The number of nodules produced by invasive Acacia longifolia was 
more than 5 times higher than the number of nodules produced by the natives 
Ulex europaeus and Cytisus grandifloroiis. They concluded that the invasive 
success of ^. longifolia may be attributed to its profuse nodulation and the use 
of biologically fixed nitrogen to enhance the growth of above ground parts in 
nitrogen poor soils. 
5.4 Light and nutrients 
Gurevitch et al. (2008) studied the effect of light and nutrients on 
establishment of seedlings of native and invasive species. Light was found to 
have the strongest effect on plant growth. Native as well as invasive species 
grew more in gaps. Invasives responded more to high resources than did 
natives. Highest native growth rates were observed in gaps in the more fertile 
soils of the hardwood forests. 
5.5 Theory of Fluctuating Resource Availability (TFRA) 
Davis et al. (2000) proposed a theory to predict the habitat invasibility. 
Following are the assumptions of this theory, 
1. Environments subject to pronounced fluctuations in resource supply, 
either by periodic enrichments from external sources or by release from 
the resident organisms will be more susceptible to invasions than 
envirormients with more stable resource supply rates. 
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2. Environment > will be more susceptible to invasion during the period 
immediately following abrupt increase in the rate of supply or decline in 
the rate of uptake of a limited resource. 
3. Invasibility will increase following disturbances, disease and pest-
outbreaks that increase resource availability by increasing resource supply 
(e.g. direct leakage from damaged tissue) and/or reducing the rate of 
resource capture by the resident vegetation. 
4. Invasibility will increase when there is a long interval between an increase 
in the supply of resources and the eventual capture or recapture of the 
resources by the resident vegetation. 
5. The susceptibility of a community, to invasion will increase following the 
introduction of grazers into the community, particularly if the community 
is nutrient rich. 
6. There will be no necessary relationship between the species diversity of a 
plant community and its susceptibility to invasion. 
7. There will be no general relationship between the average productivity of 
a plant community and its susceptibility to invasion. 
Shea and Chesson (2002) expanded on this idea and suggested that 
"Resources opportunities" may arise when invaders have lower thresholds or 
maintenance requirements than resident species, when invaders acquire 
resources faster than resident species do, or when r-^ sources are distributed 
either in space or in time. 
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Belote and Jones (2008) studied the interaction between leaf litter 
composition and non-native earthworms and its influence on plant invasion. 
The data suggested that rapid decomposition of forest litter may be more 
favorable to under storey plant invasion. Earthworms were expected to enhance 
invasion by increasing mass loss and removing the physical barrier of litter. 
6. CLIMATE CHANGE AND PLANT INVASION 
On going process of global warming resulting from elevated 
atmospheric levels of green house gases is expected to have profound 
ecological consequences. Although, at present, the data in this regard are 
scarce, nevertheless, the growth performance of kudzu {Pueraria lobata) under, 
conditions of elevated CO2 is a case in point. This invader produced more and 
longer stems and more biomass under elevated CO2 conditions (Sasek and 
Strain, 1988). Furthermore, as global temperatures -ise, the distributional range 
of plants, in general, may extend northward because their growth is no longer 
limited by cold weather (Sasek and Strain, 1990). 
Elevated CO2 may affect plant invasion directly or indirectly (Weltzin et 
aL, 2003). 
6.1 Direct effect of CO2 on plant invasion 
All plant species respond strongly to increased CO2. Dukes (2000) 
compared the mean weight gain ratio of native and non-native plant species 
grown under ambient and elevated CO2 and found that the responses were 
statistically indistinguishable. He argued that there was nothing intrinsically 
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special about invasive plants that made tliem more responsive to elevated CO2. 
Cronk and Fuller (1995) are of the view that invasive species may possess 
novel traits that allow them invade native ecosystems and elevated CO2 might 
give them an added advantage when invading new habitats. This argument 
seems atleast, theoretically sound. Photosynthetic intermediates provide 
precursors for neaily all metabolites synthesized by the plants. Novel Weapon 
hypothesis holds that secondary metabolites play a critical role in success of 
invasive plant species. Increased photosynthesis under elevated CO2 conditions 
may provide greater pool of photosynthetic intermediates and consequently 
increase synthesis of secondary metabolites. 
6.2 Indirect effects of elevated CO2 on plant Invasion 
6.2.1 Increased resource availability 
Increased mean or extreme temperature may make more resources 
available to plants by thawing frozen soil or changing rates of nutrient cycling 
and allowing non-native species to grow faster than they would otherwise. 
6.2.2 Water balance 
Increase CO2 may also affect the availability of soil moisture for 
physiological processes. Under elevated CO2 conditions, plants can keep their 
stomatal aperture smaller, which decreases water loss, while still being able 
take in the same amount of CO2. This reduction in water loss may lead to 
increase in soil moisture (Owensby et al, 1999; Dakes, 2002), which, in turn 
may alter community composition by favoring the establishment of either 
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native or non-native species. Polly et al. (1996) suggested that changes in soil 
moisture regimes consequent to elevated CO2 may have contributed to the 
encroachment of woody plants into many of the world's grasslands and 
savannas. 
6.2.3 Nitrogen uptake 
Hungate et al (1996) suggested that elevated CO2 can increase N uptake 
by invasive species (possibly because of difference in absolute growth rate and 
seed size), which may give them an advantage over native species. Enriched 
CO2 often increases the concentiation of N in plant tissues, which may slow 
down decomposition and increase the availability of soil N (Norby et al, 
2001). Alternatively, elevated CO2 could increase the carbon content of soil by 
slowing down the decomposition and increasing production and turn over of 
fine roots (Norby and Jackson, 2000). This p^ -ocesses may affect soil C:N 
ratios, alter soil water holding capacity and affect soil microbial populations 
including symbiotic N fixers (Hu et al, 2001). 
Aronson et al (2007) reviewed the relationship between climate change 
and invasibility of Antartic benthos. They concluded that durophagous 
(skeleton crushing) predators disappeared from the Antartic bottom fauna due 
to sea temperature decline beginning in the late Eocene (approximately 40 
Mya). Therefore, the barriers to reinvasion of Antartic by durophagous 
predators are physiological (in tolerance of cold temperatures) rather than 
geographic or oceanographic. Durophagous king crabs have recently been 
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discovered on the continental slope off the Antartic peninsula. Warming 
temperatures could facilitate the return of king crabs and other predators to 
shallow shelf habitats. Viable populations of durophagous predators would 
radically alter the benthic food webs in Antartica. 
7. IMPACT ON COMMUNITY STRUCTURE 
Plant communities are undergoing phenomenal transformations in 
structure, composition and function due to expansion of invasive plants (Brown 
& Archer, 1999 and Levine, 200G). Displacement of original species or release 
of more species can significantly alter the composition of plant communities 
(Hobbs and Huenneke 1992; Rose etal, 1995). 
Large numbers of studies have documented the changes in community 
structure caused by invasive plant species. Zhilyaev, (1985) studied an 
Ulmarietum centaureosum community in sub alpine zone of Carpathians. More 
than 50% of Cenoassociations were considered as normal permanent and stable 
components of the community while other cenoassociations were unstable 
invasive and invasive regressive. Anthriscus sylvestris, Dentaria glandulosa 
and Geranium alpestre are intermediate cenoassociation between normal and 
invasive cenoassociation. They were considered cenoassociation invaded 
community. In a study of the impact of Orbea variegata upon the native 
dominant shrub Atriplex vesicaria and the annual plant community in chenopod 
shrublands of South Australia, Orbea reduced both the germinable soil seed 
bank and the biomass of annual plants (Dunbar and Facelli, 1999). Srinivasan 
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et al. (2007) studied the invasion impact of Cytisus scoparius (Scotch broom) 
to the resident plant community of Nilgiris. Species richness and diversity of 
native plants were affected by invasion intensity but not duration. Sites with 
intermediate levels of broom invasion showed maximum loss in native species 
richness and diversity. It was argued that consequent to scotch broom invasion 
the light demanding species were steadily eliminated. However, as the thickets 
of broom increase in density, shade specialist species, dispersed from the 
adjacent shoals, establish themselves and predominate. The composition of 
native plants was found to differ in patterns of dominance suggesting species 
replacement rather than loss. Sanders et al. (2003) conducted a 7 year 
experiment on the consequences of the invasion of native ant communities by 
the Argentine ant. Comparison of the same sites before and after invasion 
indicated that the shift from a structured to random community was rapid and 
occurred within a year of invasion. They concluded that invasive species not 
only reduced biodiversity but rapidly disassemble communities and, altered 
community organization. Alvarez and Cushman (2002) studied community 
level consequences of Cape ivy (Delairea odorata), an invasive evergreen vine 
native to south Africa on three habitat types (Coastal scrub, Willow riparian 
and Alder riparian) in coastal regions of northern California. Plots invaded by 
cape ivy contained 36% fewer native plant species and 37% fewer non native 
taxa and this pattern persisted across habitat types and seasons. Native species 
richness was significantly lower with increasing cover of Cape ivy, but this was 
not the case for non native species. Cape ivy invasion was associated with a 
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31% decrease in species diversity, 88% decrease in the abundance of native 
seedling and 92% decrease in non-native seedlings compared to uninvaded 
areas. After 2 yeas, cape ivy reduction experiment yielded similar results with 
10% increase in the richness of native species and a 43% increase in the 
richness of non native taxa. A 32% increase in plant species diversity, and 86%) 
increase in the abundance of native seedlings, and 85% increase for non-native 
seedlings was also observed. 
Asner et al. (2008) deployed an air borne remote sensing system that 
mapped the location and impact of five highly invasive plant species 
{Falcataria moluccana, Fraximus udhei, Hedychium gardnerianum, Morella 
faya and Psidium cattleianum) across 221,875 ha of Hawaiian ecosystem, 
identifying four distinct places where these species transformed the three 
dimensional structure of native rain forest. In low land to montane forests, three 
invasive tree species replaced mid canopy and under storey plants, whereas one 
under storey invader excluded native species at the ground level. A fifth 
invasive nitrogen fixing tree in combination with mid canopy alien tree 
replaced native plants at all canopy levels in low land forest. 
Mutual facilitation among exotic species may lead to "invasion 
meltdowns" where invasive systems facilitate each other resulting in increased 
invasion rate and replacement of the native community (Simberloff and Von-
Holle, 1999, and Simberloff, 2006). Invasive meltdowns have the potential to 
alter basic ecosystem fiinctions such as nutrient cycling, that influence all biota 
in the community. 
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Kourtev et al. (2002) studied tv/o exotic uiKfer storey plant species, 
Japanese barberry (Berberis thunbergii), and Japanese stilt grass {Microstegium 
vimlneum), in a hard wood forest in Northern New Jersey. Bulk and 
rhizosphere soil samples were taken under the two exotic species as well as 
under a co-occurring native species {Vaccinium species). The results clearly 
showed that soil under the different plant species had microbial communities 
that differed from each other in both structure and function suggesting that 
exotic species could alter the soil ecosystem. Loo (2008) reviewed the impact 
of several non-indigenous invasive pathogens and concluded that these 
pathogens, (Chestnut blight caused by Cryphonectria parasitica, white pine 
blister rust caused by Cronartium ribicola, Dutch elm disease caused by 
Ophiostoma stone-ulmi and 0. novo-ulmi, Butternut canker caused by 
Sirococcus clavigignenti-juglandacearum, Beechbark disease caused by 
Neonectria faginata and Portorford cedar root rot caused by Phytophthora 
lateralis) have caused large changes in forest structure, food webs, nutrient 
cycling and tree species composition of many areas of North America. Out of 
these maximum loss, about 25% of eastern hardwood forest, was caused by 
Cryphonectria parasitica. 
Lambrinos (2000) studied the impact of tussock grass {Cortaderia 
Jubata), introduced in California and Oregon in late, nineteenth centur}', on 
community structure in a mediterranean type vegetation of Vandenberg Air 
Force Base. Invaded plots had strucuirally less complex perennial grassland 
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markedly poor in native shrub species. The study indicated that C. jubata can 
dramatically alter the landscape of central California. 
8. EVOLUTIONARY IMPACT OF INVASIVE SPECIES 
Mack (1981) estimated that over the last 500 years invasive species have 
come to dominate 3% of the Earth's ice-free surface. Vast land and 
waterscapes in certain regions are completely dominated by alien species. 
Cohen and Carlton, (1998) noted that the rate of invasion in to San-Francisco 
bay has increased from approximately one new invader per year during the 
period of 1851-1960 to more than three new invaders per year in the period of 
1961-1995. In the United States the number offish introductions has increased 
from 67 species between 1850 and 1900 to 488 species between 1951 and 1996 
(Nico and Fuller, 1999). Moreover, there is also a build up in the invasive 
potential of non-native species already established in a region, as immigration 
increases their population size. Introduced species may stay at fairly low 
population size for years and then explode at some later date, a phenomenon 
known as "Lag Effect". One can logically ask what would be the evolutionary 
consequences of the mixing of invasive and native species. Mooney and 
Cleland, (2001) have written an instructive essay to answer this question and 
their conclusions are as follows-
8.1. The direct evolutionary consequences of mixing; 
8.L1. Evolutionary adjustments of invader and of the invaded 
The invaders can rapidly adapt to the new environments in which they 
find themselves. Johnston and Selander, (1960) described the evolution of 
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apparently adaptive clines in body size and feather colour in English sparrows 
that were introduced in to North America in 1852. Cody and Overton, (1996) 
described the reduction in distance of dispersability for wind dispersed seeds of 
invasive species on to islands in just a few generation in small isolated 
populations. 
There are also examples of rapid evolution in native species in response 
to introduced species. Zimmerman (1960) documented an interesting case of 
evolution in response to introduced crop species. At least 5 species of host 
specific moths (Hedylepta) have evolved since the introduction of banana in to 
Hawaii about 1000 years ago. Harlan, (1965) noted that some weeds have 
evolved to be crop mimics. Not only they are similar in their phenological 
development and morphological appearance to the crops with witch they have 
coevolved, but also their seeds have evolved a similaj.- appearance so they are 
not sorted and discarded during harvesting. For examples the lentil mimic 
(Vicia sativa) has evolved a seed shape and colour comparable to the lentil 
(Lens culinaris). Similarly, Echinochloa crus-galli has evolved mimics to rice 
(Oryza sativa) which are very difficult distinguish from the crop. 
8.1.2. Hybridization and introgression 
The genetic structure of the invasive species may undergo changes in 
relation to new organism (s) they encounter. Rhymer and Simberloff (1996) 
have concluded that hybridization between invasive and native species may 
cause a loss of fitness in the latter. Mc-Millan and Wilcove (1994) have 
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estimated that of 3 of 24 species listed as Endangered in the United States and 
that subsequently went extinct, 3 were the result of hybridization with alien 
species. Abbott (1992) noted that 44.6% species listed in the new flora of 
British Isles were aliens. There were 70 recognized hybrids between native and 
alien species and 21 between aliens. About half of these hybrids showed some 
degree of fertility. Small populations on islands are particularly vulnerable to 
extinction by hybridization because they are often less genetically divergent 
than mainland species and have weak crossing barriers as well as unspecialized 
polinators. Levin et al. (1996) described a number of cases of extinction by 
hybridization on islands, including the endemic shrub, Cercocarpus traskae 
with the wide spread Cercocarpus betuloides, and the endangered Lotus 
scoparius traskae with the Lotus argophyllus ornithopus. 
8.1.3 The origin of new taxa through hybridization and introgression 
Hybridization with invaders can be a source of new variations in a 
population and may accelerate the process of speciation. Spartina alterniflora 
from the east coast of North America was introduced into Southampton in 
shipping ballast in the early 19'*' century. It subsequently hybridized with local 
Spartina maritima, producing a sterile hybrid. The hybrid underwent 
chromosome doubling to produce the new fertile and much more aggressive 
species, Spartina anglica. Besides this there are other cases of alloploids that 
have originated due to hybridization between native and invasive species. For 
example, species of Tragopogon in North America and Senecio in Great Britain 
(Abbott, 1992). 
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8.2. The indirect evolutionary consequences of mixing 
8.2.1. Behavioral and trait shifts: Behavioral shifts have been observed in the 
invaders themselves or in response to invaders. Holway and Suarez (1999) 
documented such shifts in behavior of two ant species originating from 
Argentina (The fire ant, Solenopsis invicata and the Argentine ant, Linepirtma 
humile). The introduction of brown trout into the streams of New Zealand 
started in the mid 1800s, besides driving to extinction some populations of 
native fish; they also modified the behavior of native mayfly nymphs and, to a 
certain extent, crayfish (Townsend, 1996). 
8.2.2. Niche displacement: Gray squirrels (Sciurus carolinensis) from North 
America have displaced the native red squirrel {S. vulgaris) throughout most of 
the deciduous and mixed woodlands of Britain. This displacement apparently 
has resulted from food competition between these two species (Kenward and 
Holm, 1Q93). 
8.2.3. Competitive Exclusion: Some invasive species eliminate native species 
through competitive exclusion. The Argentina ant Linepithema humile) 
displaces native ant throughout its introduced range because of being a better 
competitor for food resources than the native species (Holway 1999, Human & 
Gordon, 1996). 
8.2.4. Mutualisms: Mutalism, the tightest of interactions among the biotic 
components of an ecosystem would seen to be a barrier to the success of a 
single player of a partnership becoming ,an invasive species. There is some 
evidence for this in the fact that non-mycorrhizal plant taxa such as 
Brassicaceae and Chenopodiaceae are paiticularly successfiil weeds. Quite 
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often, the mutalism are not obligate. In such instances and some other species 
in the new habitat play the required role for the invader. For example, a new 
pollinator may pollinate an invasive species in a new environment. The mixing 
of biota may lead to evolution of new kinds of mutalistic relationships. North 
American and European pine seeds are normally wind dispersed but are 
disposed in new areas by Cockatoos and alien American squirrels. 
8.2.5. Extinctions: The literature abounds with examples of invasive species 
driving local populations to extinction, primarily on islands and especially 
involving predators. (Rodda et al, 1977) detaii the particularly dramatic case of 
the impact of the invasive brown tree snake (Boiga irregularis) on the biota of 
Guam, which has caused a major conservation crisis through negative effects 
on birds, reptiles and mammals. 
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Present study was carried out at A.M.U, campus during the year 2007. 
Sampling points were located at Department of Agriculture, Department of 
Botany, Department of Geology, Medical Road, Qila Road, Near Sir Syed 
House, Taar Banglow, University Health Centre, and Women's Polytechnic. 
3.1 Location 
Aligarh district is located in the western part of Uttar Pradesh at the 
distance of about 126 km from Delhi, the capital of India. It spreads from 
27^29' to 28°10' north latitude and 77°29' to 78°28' east latitude. 
3.2 Climate and Weather 
The climate at Aligarh is of subtropical type having three well-defined 
seasons, winter, summer and monsoon. Winter season starts from November 
and continues upto first fortnight of March, whereas, summer sets in May. 
Months of May and June are the hottest wherein the maximum temperature 
plummets to 48°C. The second half of the December and January are usually 
the coldest period. Monsoon normally starts in the firrt week of July. 
3.3 Sampling plan 
A pilot survey of the AMU campus was conducted to identify patches of 
vegetation infested with Parthenium hysterophorus and closest possible 
patches of vegetation without Parthenium hysterophorus. Depending on the 
size of plot 2-5 quadrats of 50 x 50 cm were laid in each plot. Thus, a total of 
130 quadrats were laid - 65 in plots infested with Parthenium hysterophorus 
and 65 m plots without Parthenium hysterophorus. 
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3.3.1 Community parameters 
Number of individuals of all species occurring in each quadrat was 
recorded, Following community characters were from these data: 
Total number of individuals of all species 
0.25 
1. Density (D)= — x4(m^) 
Total number of individuals of a species in 
the sample 
2. Abundance (A) = 
Number of quadrats of occurrence 
Total number of quadrates in which a 
species occurred 
3. Frequency (%F) = x^ 100 
Total number of quadrates sampled 
Values, so obtained, were used to calculate Relative Density (RD), Relative 
Abundance (RA) and Relative frequency (RF) as follows: 
Density of a species 
RD = ( ^)xlOO 
Sum of densities of all species 
Abundance of a species 
RA = ( _ )xlOO 
Sum of abundance values of all species 
Frequency of species 
RF = ( . )xlOO 
Sum of frequencies of all species 
4. Importance Value Index (IVI) 
IVI of a species is the sum of its RD, RA and RF. Thus 
IVI = RD + RA-hRF 
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5. Diversity Indices: Shannon and Weaver Index (H) (1963) and Simpson's 
Index (X) (1949) were computed as follows 
H = - 2 pilnpi 
}^, == I (pi)^ (Index of dominance) 
Where pi = proportion of the abundance value off'' species and is calculated by 
dividing the abundance value of/'"'species (ni) by the sum of abundance values 
of all species (N). Thus 
pi = ni / N 
6. Richness Index (Margalef, 1958) 
R=S- l / lnN 
7. Evenness index (Hill, 1973) 
E = H/lnS 
N = Total number of individuals of all species 
S = Total number of species in the sample 
8. Effective number of species (true diversity) 
Based on Shannon's and Simpson's Indices, effective number of species were 
calculated as follows: 
True diversity based on Shannon's Index == exp (H) 
True diversity based on Simpson's Index = 1/ H 
3.3.2 Community Productivity 
Standing crop was taken as a measure of community productivity. 
Since, the University Campus is free of large grazing animals, wild as well as 
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domesticated, therefore the loss of biomass due to heavy grazing is minimal 
and standing crop may be considered as a good estimate of net primary 
productivity. 
Biomass was determined by harvest method. Plant material was dug 
up from each quadrat and collected in a numbered paper bag. Thereafter, plant 
material from each bag (quadrat) was sorted according to species and put in 
separate and numbered paper bags. Root length and shoot length were 
measured with a meter scale. These bags were put in an oven set at 105°C and 
dried for 24 hrs. Total biomass of each species was determined by weighing on 
a electric balance. 
3.4 Statistical analysis 
The data were subjected to statistical analysis as follows: 
Mean (x) : For arithmetic mean, or sample mean or the so called average 
value, is easily computed by taking the sum of a number of values (Xi + X2 + 
X3 + + Xn) and dividing it by the total number of values (n) involved thus, 
x,+x.+x.+....x„ 
X = —! i i 2. 
n 
n 
Where Xi, X2, X3 ... Xn are the observations and n, the total number of 
observations involved. 
Variance (S^): It is the arithmetic mean of the squares of the deviations from 
the mean value of the data. To calculate the variance, the deviations of the 
variables from the mean are squared and then added. The sum of the squares of 
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deviations is divided by the number of observations to get the variance of the 
sample. Symbolically -
S(x-x)^ 
Variance (S^) = 
n-1 
Where, x = arithmetic mean 
n = number of observations 
Standard deviations (S.D.): Standard deviation is defined as the square root of 
the variance. Thus, the sample standard deviation (S) would be: 
\y{x-xf 
Standard deviation (S) = ± -,' ^ n-\ 
S = -slVarianceiS)' 
Common variance (Sc^) 
«, + 2^ - 2 
t = ^^ ~^^ 
ni = sample size of sample 1 
n2 = sample size of sample 2 
x\ = mean of sample 1 
X2 = mean of sample 2 
Sf = variance of sample 1 
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5*2 = variance of sample 2 
Sc = Square root of Sc^ 
Test of Significance of difference between means 
Difference of means of lwo samples 
Z= 
Or 
Standard error of difference 
7 = I •^ i -^ 2 
1 ^ + ^ 
Where S^ = estimateofthe variance of the 1 '^sample 
52 = estimate of the variance of the 2"'^  sample 
ni = numberof observations in the 1^'sample 
n2 = number of observations in the 2"'^  sample 
Hence 'z' can be calculated for the two large samples having the means, xi and 
X2 the variance, S^ andS^. The size of the sample is ni and n2 with n > 30 
observations in the two samples. 
Degrees of freedom: The degrees of freedom, i.e. (npl) + (n2-l) = (ni + n2-2), 
where nj = n2 = n then the degrees of freedom (d.f) will be: 
d.f =(2n-2) 
The test of significance was computed as follows: Table-5 {Boerhavia diffusa) 
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For sample one: 
Step 1: 
Step 2: 
Mean x, = -^=^ 
1 ^ = 1.97 
65 
Variance (5,') = ^ 
5381.76 
65-1 
- 84.09 
Step 3: 
S.D. = ^JVariance{S^) 
= V84.09 
For sample second: 
Step 1: 
Mean xi = 
= 48 
65 
= ±9.17 
E^ " 
« 
= 0.74 
Step 2: 
Variance (5,^)= ^^"^ ""^ ^ 
« - l 
1244.8 
65-1 = 19.45 
Step 3: 
S.D. = ^Variance{S^) 
= V19.45 = ±4.41 
43 
Calculation for 'Z' test: 
y _ 1^ -^ 2 
^ . ^ 
1 97 _ 0 74 
— = 0.97 84.09 19.45 
V 65 ^ 6 5 
Degrees of freedom: 
d.f. = (2n-2) 
= (2 X 65-2) 
= 130-2=128 
Conclusion: Calculated 'z' value = 0.97 
Tabulated'z'value = 2.56(p = 0.Cl) 
= 1.96 (p = 0.05) 
If tne calculated 'z' value exceeds the tabulated 'z' value at 5% and/or 1% level 
the difference is said to be significant at 5% and/or 1% level. 
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Diversity Indices 
Table 1 shows that the community indices calculated for the plots with 
and without Parthenium hysterophrous. For plots without P hysterophrous 
Shannon index was calculated as 2.87 and Simpson's concentration index was 
calculated as 0.069. 
For plots infested with P hysterophrous Shannon index was calculated 
as 2.35 and Simpson's concentration index as 0.181. Richness of plots without 
Parthenium was calculated as 3.54 and for plots with Parthenium as 3.87. For 
plots without Parthenium the evenness was calculated as 0.9 and for plots 
infested with Parthenium as 0.72. 
Biomass 
Ten species in the sample, common between the plots with and without 
infestation with Parthenium hysterophorus showed statistically significant loss 
of biomass (Table-2). 
Maximum loss of 80% was recorded in Brachiaria ramosa and Croton 
bonplandianum followed by 76% in Boerhavia diffusa and 75% in Malvastrum 
coromandelianum. Cassia tora, Commelina benghalensis, Achyranthes aspera, 
Crotalaria medicaginea, Gomphrena celosioides, Xanthium indicum and 
Euphorbia hirta also recorded more than 50% loss of biomass. Minimum loss 
of about 2% was recorded for Coccinia grandis. At community level, a total 
loss of 38.73% was recorded in plots infested with Parthenium hysterophorus 
(Fig-1). 
Table-1: Diversity indices of plant community in plots with and without P. 
hysterophorus. 
Diversity indices 
Dominance 
Diversity 
Evenness 
Richness 
Plots without Parthenium 
0.069 
2.87 
0.90 
3.54 
Plots with Parthenium 
0.181 
2.35 
0.72 
3.87 
Table-2: Biomass of various species and total community bJomass in plots with and 
without P. hysterophorus. 
Species name 
1. Boerhavia diffusa L. 
2. Malvaslrum coromandellanuni 
(L.) Garcke 
3. Cassia toraL. 
4. Gomphrena celosioides Mart. 
5. Euphorbia hirta L. 
6. Coccinia grandis (L.) J.O. 
Voigt 
7. Physalis minima L. 
8. Conyza honariensis (L.) 
Cronq. 
9. Trianthema poltulacastrum L. 
10. Commelina benghalensis L. 
11. Achyranthes aspera L. 
12. Brachiaria ramose (L.) Stapf 
13. Chenopodium album L. 
14. Crotalaria medicaginea 
Lamk. 
15. Croton bonplandianum Baili. 
16. Xanthium indicum Keen. ex. 
Roxb. 
17. Cassia occidentalis L. 
18. Sida rhombifolia L. 
19. Cleome viscosa L. 
20,. Morus sp. (seedling) 
21. Alternanthera pungens Kunth 
22. Indigofera linnaei All 
23. Ocimum tenuiflorum L. 
24. Ruellia tuberosa L. 
25. Parthenium hysterophorus L. 
26. Solanum nigrum L. 
27. Tridax procumbens L. 
28. Vemonia cinerea (L.) Less. 
29. Ecliptaprostata (L.) L. 
30. Amaranthus viridis L. 
31. Tribulus terrestris L. 
32. Ziz'phus sp. (seedling) 
Total 
A II o „ ; , o r-v 
Plots without 
Parthenium 
(Mean±S.D.) 
2.75 ±0.14 
1.70 ±0.41 
2.44 ± 1.23 
1.0 ±0.60 
l.30±0.81 
1.03 ± 0.62 
0.93 ± 0.06 
5.01 ±3.14 
3.21 ± 1.53 
2.71 ± 1.20 
3.63 ± 1.41 
4.50 ±4.18 
4.87 ± 2.84 
4.16±3.I3 
6.28 ± 1.27 
3.42 ±0.96 
2.38 ±1.56 
3.44±1.16 
2.89 ±2.41 
2.89 ± 0.09 
5.18±1.61 
1.03 ±0.63 
9.75 ± 5.43 
3.04 ±0.07 
79.54 
Plots with 
Parthenium 
(Mean±S.D.) 
0.67 ± 0.03 
0.43 ± 0.23 
0.90 ± 0.36 
0.41 ±0.21 
0.53 ±0.56 
1.01 ± 1.14 
0.49 ±0.01 
2.86 ±1.20 
2.34 ±0.80 
1.21 ±0.15 
1.46 ±0.62 
0.90 ± 0.07 
2.17±0.51 
1.84 ±0.03 
1.26 ±0.76 
1.27 ±0.86 
1.35 ±0.49 
1.93 ±0.69 
3.52 ±1.64 
0.40 10.16 
0.75 ±0.41 
0.52 fc 0.00 
0.53 ±0.11 
0.22 ±0.16 
1.44 ±0.61 
0.93 ± 0.93 
31.34 
t -value 
16.00** 
8.35** 
3.85** 
2.67* 
3.81** 
0.02 
7.33* 
1.20 
0.97 
1.69 
4.03** 
1.62 
1.49 
0.96 
4.72** 
2.59* 
1.73 
2.36* 
* and ** represent significantly different at /'>0.05 and 0.01 respectively 
Figure-1: % Biomass loss in Parthenium infested plots 
Species 
c 
e E 
o 
o 
<s 
o 
0) 
^ 
•5 
CO S 
<D 
•e 
Q) 0 
OQ 
3 
C 
5 
<D 
• 0 
C 
CO 
E 
8 
8 
E 
1 
w § 
1 
CO 
0 
c3 
o I 
s 5 (B 
S to CO 
0 
c 
g 
• c 
Q. E 
0 
CD 
C3) 
<B 
g 
5 0 
0 
0 
CO 
E 
c 
E 
I 
CO 
CO 
c 
CD 
c 
CO 
c 
o 
- Q 
CO §L 
c Q O 
I 
CO 
CO 
o 
• S 
Q. 
CD 
E 
CD 
C 
CO 
CO 
CD 
c ; 
CD 
53 
CD 
C 
"S 
E E 0 
0 
iS 
CD 
CO 
CO 
CD 
c 
1 
t 
CD 
CO 
0 
E 
2 
CD 
C 
CD 
5 
OQ 
E 
3 
: Q 
CD 
E 2 
"6 0 
c 
0 
CD 
c 
CO 
0 
•5 
CD 
E 
CO 
-S 
a 
8 0 
S 
3 
c 
CO 
• 6 
c 
•S §• 
0 
-Q 
C 
8 
0 
E 
3 
0 
E 
3 
X 
c 
G 
0 
0 
CO 
CO 
0 
S 1 
E 0 
CO 
^ 
S 
CO 
•s 0 
•c 
lU 
-20 
-40 
-60 -
-80 -
-100 
45 
Root Length 
Eight species showed statistically significant reduction in root length 
(Table 3). Maximum loss of 59% was observed in Crotalaria medicaginea 
followed by Malvestrum coromandelianum and Conyza bonariensis. Each of 
which showed a loss of about 51%. Four species showed increase in root 
length. 
Maximum gain of 60% in this parameter was shown by Coccinia 
grandis, which was statistically non, significant. Gomphrena celosioides 
(58.6%) also showed statistically non-significani increase in this parameter. 
Minimum increase of about 12% was shown by Boerhavia diffusa (Fig-2). 
Shoot Length 
Fifteen species common between the plots infested with Parthenium 
hysterophorus and without Parthenium hysterophorus showed a loss in this 
parameter (Table 4). 
Maximum loss of about 68% was shown by Sida rhombifolia followed 
by Brachiaria ramosa {66%) Xantium indicum {6A%) and Coccinia grandis 
(60%). Malvastrum coromandelianum, Conyza bonariensis, Commelina 
benghalensis, Achyranthes aspera, Crotalaria medicaginea, Croton 
bonplandianum. Cassia occidentalis and Euphobia hirta also recorded 50% or 
more less in this parameter. Minimum loss of about 2^M% was shown by 
Physatis minima (Fig-3). 
Table-3: Root length of various species in plots with and without P. hysterophorus. 
Species name 
1. Boerhavia diffusa 
2. Malvastrum coromandelianum 
3. Cassia tora 
4. Gomphrena celosioides 
5. Euphorbia hirta 
6. Coccinia grandis 
7. Physalis minima 
8. Conyza honariensis 
9. Trianthema poltulacastrum 
10. Commelina henghalensis 
11. Achyranthes aspera 
12. Brachiaria ramosa 
,13. Chenopodium album 
14. Crotalaria medicaginea 
15. Croton bonplandianum 
16. Xanthium indicum 
17. Cassia occidentaVs 
18. Sida rhombifolia 
19. Cleome viscosa 
20. Morus sp. (seedling) 
21. Alternanthera pungens 
22. Indigofera linnaei 
Ti. Ocimun. tenuiflorum 
24. Ruellia tuberosa 
25. Parthenium hysterophorus 
26. Solarium nigrum 
27. Tridaxprocumbens 
28. Vernonia cinerea 
29. Eclipta prostata 
30. Amaranthus viridis 
31. Tribulus terrestris 
32. Ziziphus sp. (seedling) 
Total 
Plots without 
Parthenium 
(Meaii±S.D.) 
4.07 ±0.15 
9.67 ±3.25 
8.80± 4.47 
4.08 ± 1.73 
6.86 ±2.17 
4.93 ±0.15 
8.10±0.14 
8.58 ±1.46 
9.62 ± 0.29 
6.40 ±3.37 
11.14±4.73 
6.40 ±3.17 
9.77 ± 2.40 
8.38 ±2.13 
12.11 ±3.45 
10.70 ±3.48 
8.70 ± 4.23 
8.01 ±3.11 
9.50 ±3.85 
10.23 ±0.84 
12.94 ±3.63 
6.37 ± 0.29 
6.85 ±1.51 
9.54 ±0.76 
201.75 
Plots with 
Parthenium 
(Mean±S.D.) 
4.55 ±1.20 
4.71 ±1.37 
4.88 ± 2.46 
6.45 ± 2.53 
4.17±1.48 
7.90 ± 8.06 
5.55 ±0.92 
4.20 ± 0.62 
6.40 ±1.45 
10.15 ±2.62 
6.]2±3.48 
4.55 ± 0.40 
5.43 ±1.00 
3.45 ±0.92 
6.50 ±0.14 
8.30 ±5.63 
6.26 ±3.59 
6.37 ±1.97 
8.22 ± 2.65 
2.67 ± 0.23 
5.27 ± 0.72 
4.20 ± 0.00 
4.58±1.14 
5.36±2.17 
7.30 ±0.35 
3.50 ±2.21 
147.04 
t -value 
0.53 
4.29** 
2.44* 
2.27 
4.77** 
0.50 
2.74 
5.23** 
3.87** 
1.46 
2.47* 
1.10 
2.74* 
2.95* 
2.03 
0.59 
1.29 
0.95 
All species are mean ±S.D. 
* and ** represent significantly different at f^O.05 and 0.01 respectively 
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Table-4: Shoot length of various species in plots with and without P. hysterophorus. 
Species name 
1. Boerhavia diffusa 
2. Malvastrum coromandelianum 
3. Cassia tora 
4. Gomphrena celosioides 
5. Euphorbia hirta 
6. Coccinia grandis 
7. Physalis minima 
8. Conyza honariensis 
9. Trianthema poltulacastrum 
10. Commelina benghalensis 
11. Achyranthes asperu 
12. Brachiaria ramosa 
13. Chenopodium album 
14. Crotalaria medicaginea 
15. Croton bonplandiai urn 
16. Xanthium indicum 
17. Cassia occidentalis 
18. Sida rhombifolia 
19. Cleome viscose 
20. Morus sp. (seedling) 
21. Alternanthera pungens 
22. Indigofera linnaei 
23. Ocimum tenuiflorum 
24. Ruellia tuberosa 
25. Parthenium hysterophorus 
26. Solanum nigrum 
2 7. Tridax procumbens 
28. Vernonia cinerea 
29. Eclipla prostata 
30. Amaranthus vviridis 
31. TrihuJus lerrestris 
32. Ziziphus sp. (seedling) 
Total 
Plots without 
Parthenium 
(MeaniS.D.) 
57.83 ±2.35 
42.49 ±6.31 
5I.I2± 13.03 
36.03 ±5.18 
45.50± 12.57 
42.37 ±9.54 
38.1 ±8.20 
64.4 ± 18.79 
44.37 ±1.02 
40.05 ± 7.38 
47.91 ±4.48 
61.43 ±7.67 
45.2 ±2.63 
47.85 ± 8.46 
49.97 ± 10.26 
54.32 ±7.40 
50.09 ±9.63 
48.13 ±8.64 
46.95 ± 6.22 
46.97 ±3.03 
59.44 ±9.25 
39.7 ±2.16 
38.82±3.17 
50.58 ± 1.30 
1149.62 
Plots with 
Parthenium 
(Mean±S.D.) 
38.6 ±9.19 
]9.8±6.16 
19.08 ±6.55 
26.61 ±2.25 
20.83 ± 5.03 
16.8± 12.16 
27.2 ±2.83 
27.7 ±4.31 
22.98 ±5.54 
17.2 ±4.24 
21.24 ±5.36 
20.8 ±10.90 
29.5 ±4.18 
23.65 ±2.19 
22.65 ±3.61 
19.5 ±4.94 
24.49 ±5.41 
15.55±5.12 
35.22 ±9.52 
16.8 ±2.95 
26.6 ± 11.05 
20.1 ±0.00 
24.42 ±2.64 
18.72 ±3.50 
22.97 ±2.77 
22.53 ±3.29 
601.54 
t -value 
2.69 
8.73** 
6.98** 
4.76** 
8.61** 
2.04 
1.26 
3.52** 
6.73** 
4.1 ]** 
11.15** 
7.84** 
6.50** 
3.69** 
3.27* 
6.00** 
6.54** 
6.85** 
All species are mean (S.D. 
* and ** represent signitlcantly dirtercnt at /*>0.05 and 0.01 respectively 
Figure-3: Shoot length loss In Parthenium infested plots 
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Density 
The table 5 shows the density value of various plant species (number of 
individual per meter square) in plots with or without P hysterophorus . 
In plots not infested with P hysterophorus maximum density was shown 
by Euphorbia hirta (21.9 individual per meter square) followed by Commelina 
benghalensis (17.2 individual per meter square), Malvestrum coromandelianum 
(14 individual per meter square), Brachiaria ramosa (11.57 Individual per 
meter square) and Gomphrena celosioides (11.08 individual per meter square). 
In plots infested with P hysterophorus, a considerable but statistically 
non-significant reduction in density values of 11 species was recorded. 
Maximum loss of 92% was recorded for Commelina benghalensis 
followed by Crotahria medicaginea (85.3%), Sida rhombifolia (81.4%), 
Brachiaria ramosa (76.58%) and Croton bonplandianum (68.59%). Minimum 
loss of 7.89% was recorded for Euphorbia hirta. Three species showed an 
increase in density values. Maximum increase of 49% was recorded for 
Trianthema poltulacastrum followed by Cassia tor a (41.9%) and Physalis 
minima (28.5%) (Fig. 4). 
Importance Value Index (IVI) 
In plots without Parthenium infestation maximum IVI was shown by 
Euphorbia hirta (29.67) followed by Commelina benghalensis (25.01), 
Mahastrum coromandelianum (22.26), Sida rhombifolia (21.47), Brachiaria 
Table-5: Density of various species in plots with and without P. hysterophorus. 
Species name 
1. Boerhavia diffusa 
2. Malvaslrum coromandelianum 
3. Cassia tora 
4. Gomphrena celosioides 
5. Euphorbia hirta 
6. Coccinia grandis 
7. Physalis minima 
8. Conyza bonariensis 
9. Trianthema pohulacastrum 
10. Commelina beng 'lalensis 
11. Achyranthes aspera 
12. Brachiaria ramosa 
13. Chenopodium album 
14. Crotalaria medic tginea 
15. Croton bonplandianum 
16. Xanthium indicum 
17. Cassia occidentalis 
18. Sida rhombifolia 
19. Cleome viscosa 
20. A/brMS sp. (seedling) 
21. Alternanthera pungens 
22. Indigo/era linnaei 
23. Ocimum tenuijlorum 
24. Ruellia tuberosa 
25. Parthenium hysterophorus 
26. Solarium nigrum 
27. Tridaxprocumbens 
28. Vernonia cinerea 
29. Eclipta prostata 
30. Amaranthus viridis 
31. Tribulus terrestris 
32. Ziziphus sp. (seedling) 
Total 
Plots without 
Parthenium 
(Mean±S.D.) 
1.97 ±9.17 
14.03 ±24.08 
7.63± 19.20 
11.08 ±26.82 
21.91 ±34.24 
0.98 ±4.80 
1.72 ±9.85 
2.95 ± 9.33 
1.48±6.15 
17.23 ±31.79 
7.38 ±18.99 
11.57 ±24.58 
5.17± 16.76 
8.37 ± 20.99 
4.68 ±13.78 
2.71 ±11.51 
7.88± 18.14 
13.29 ±28.08 
4.68 ± 16.67 
1.72 ±8.06 
6.65 ±18.95 
1.48 ±6.77 
2.21 ±9.33 
2.95 ±10.54 
161.72 
Plots with 
Parthenium 
(MeaniS.D.) 
0.74 ±4.41 
9.35 ±23.30 
10.83 ±26.70 
7.14 ±20.40 
20.18 ±29.16 
0.49 ±2.78 
2.21 ± 10.54 
2.21 ±9.34 
2.21 ±8.43 
1.23 ±7.10 
5.17± 13.89 
2.71 ±10.80 
2.46 ±12.08 
1.23 ±7.10 
1.47 ±8.82 
1.48 ±6.77 
4.68 ±13.18 
2.46 ±10.29 
60.06 ±12.34 
1.23 ±7.10 
2.71 ±13.14 
0.49 ±3.97 
11.81 ±26.42 
1.97 ±7.21 
2.21 ±9.33 
0.98 ±4.80 
159.71 
z -value 
0.97 
1.13 
0.78 
0.94 
0.31 
0.72 
0.27 
0.45 
0.56 
3.96** 
0.76 
2.66** 
1.06 
2.60** 
1.58 
0.74 
1.15 
2.92** 
and ** represent significantly different at /^0.05 and 0.01 respectively 
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ramosa (18.65) and Gomphrena celosioides (18.13) etc. Minimum IVI (3.96) 
was shown in Coccinia grandis. 
In plots infested with Parthenium maximum IVI was shown by 
Parthenium (98.35) followed by Euphorbia hirta (36.98), Eclipta prostrata 
(23,64), Cassia tora (22.28) Malvastrum coramandelianum (19.50) and 
Gomphrena celosioides (17.12). Maximum IVI (2.94) was shown by Coccinia 
grandis. 
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Present study was aimed at documenting the impact of Parthenium 
hysterophorus, a widespread invasive taxon in India, on structure and 
productivity of roadside plant communities at AMU Campus. 
Communities infested with Parthenium and without Parthenium showed 
nearly same number of species, 26 and 24 respectively. Therefore, as regards 
the species richness component (S) of diversity, the communities under 
consideration did not differ too much. However, Evenness, second component 
of diversity showed considerable difference between the communities (Table-
1). This was because of the difference in distribution of abimdance values 
among the species in two communities. This point is further corroborated by 
Fig. 5. In communities without Parthenium infestation IVI value are more 
evenly distributed among the constituent species than in the community 
infested with Parthenium. In fact Parthenium alone accounted 25% of IVI 
values in invaded communities. IVI is considered as an index of ecological 
success of a species. Therefore, based on IVI values Parthenium stands out as 
the most successful species, capable of out-competing all other species, native 
or exotic. 
Shannon's Index and Simpson's Index were employed to calculate the 
overall diversity of two types of communities. These two indices are widely 
used in community ecology but their interpretation and comparison of 
communities on their basis is not easy since they do not express the diversity in 
terms of number of species. Lou-Jost (http://www.loujost.com/Statistics% 
0) 
"5 
a 
0) 
3 
C S2 
Sag 
fft r - ^ 
F 
n 
o 
Ti 
c-
E 
c-
«> 
? 
e 
,p 
'c 
3 
c qi 
F 
3 
E 
o 
<D - = 
<D to T> 
E 5 © 
g ? 
S E "6 ^ - 5 
o 6 o K < 6 5: .a s 5 li o 
<0 
to S 
to t ; 
>^  » 
•C O 
to 
CD 
o 
-9 
S 3 to 
§ 5 
£ c 
- Q l i s 
£ a 
CL 
o 
.a 
II II II II II II II II II 
t O ' ^ m t o t ^ o o c n o ^ 
T-r-^— T t^—"*— T-CNCN 
E 
3 
C 
C T3 
m c 
5 8 
2 E 
E 3 
II II II 
CM CO • * 
CN CM CM 
W W W 
f 
§ g « 
9 E ra 
3 O 5 
Ui O § 
II 11 II 
T- N CO 
W W W 
to 
to 
CD O 
O E 
"S P 
•Q • -
C (D 
Is 
CD (^ 
0) OQ 
II II 
CO w 
N is 
c 
CO o c 
• S - S <D <o 
§ S .. -
CD O O O 
II H II II 
ID t^ <0 CS) 
(n (n (T) (/) 
to 
(0 
to ^ 
to 
I E 
Q. <D 
E !D 
to to 
to to (0 (0 
C C S 
E l l 
C (1> £ 
cj ss j ; 
II II II 
w w w 
o c £ 2 E " o n ) o 8 5 o » o 
oii:i=o<ccoXUOisicQiiO 
II II II II II II II II II II II M II 
•^meoi^tDCDOr-cMcortmeo 
T - T - T - T - T - 1 - C M C M C M C M C M C M C M 
W W W W W W W W W W W C O W 
E 
3 
o 
CI 
8 
<D 
Sif 
5 p -C 
5 § s 
£ « O 
1 
1 
t 
1 
i 
q> CO 
C ^ 
S o 
8 5 
O <B 
Eg 
CO - C 
i E 
I! 
• 
II II II H II II II II II o ^ CM d^ 
t - C M C O - ^ W C D I ^ I O C n T - T - T - T -
wwwwwOTWcnwwwww 
49 
20and%20Physics/Diversity%20and% 20Similarity/How%20to%20compare% 
20the%20diversities%20of%20two%20communities.htm) recommends the 
conversion of these indices into true diversities as described in Materials and 
Methods. True diversities based on Simpson's Index were 14.36 and 5.50 for 
communities with Parthenium and without Parthenium. Similarly, true 
diversities based on Shannon's index were 17.63 and 10.48 for the two types of 
communities. 
The number of equally common species required to give a particular 
value of an index is called, "the effective number of species". This is the true 
diversity of the community in question. The resuhs obtained during this study 
indicate that based on Shannon's index, the community without Parthenium is 
as diverse as one consisting of about eighteen equally common species and the 
community infested with Parthenium is as diverse as one consisting of about 
ten equally common species. Though, the effective numbers of species 
obtained on the basis of Simpson's Index are considerably different, still 
relative levels of diversity of the two communities remain the same, 
communities without Parthenium being more diverse than the one with 
Parthenium (Table-1). Many earlier studies have documented changes in 
species composition in response to invasion by exotic species (Zhilyaev 1985, 
Hobbs and Huenneck. 1992, Rose et al, 1995, Brown and Archer 1999, Levine 
2000, and Srinivasan 2007). Table-2 also shows five species that occurred in 
im-invaded community {Cleome viscosa, Alternanthera pungens, Indigofera 
linnaei, Ocimum tenuiflorum and Ruellia tuberosa) did not occur in invaded 
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community. On the other hand six species recorded in invaded community 
{Solanum nigrum, Tridax procumhens, Vernonia cimrea, Eclipta prostrata, 
Amaranthus viridis and Trihulus terrestris) were absent in un-invaded 
community. The results obtained in this study show that species composition, 
in terms of species number, of an invaded community may not differ 
significantly from un-invaded community, still changes in evenness may alter 
the overall diversity. The data also show that some species occurring in un-
invaded community were replaced by other species in invaded community. 
Biomass production, an estimate of community productivity, is an 
important function of any ecosystem. Large number of studies has employed 
biomass production as indicator of ecosystem stability. The data obtained in 
present study showed a clear cut decline in total community biomass as well as 
individual biomass of all species. Biomass loss of ten species (Boerhavia 
diffusa, Malvastrum coromandelianum, Cassia tora, Gomphrena celosioides, 
Euphorbia hirta, Physalis minima, Achyranthes aspera, Croton 
bonplandianum, Xanthium indicum and Sida rhombifolia) was statistically 
significant. All these species showed a biomass loss of 40%-80%. In invaded 
community P. hysterophorus alone accounted for about 10% of total 
community biomass. Thus, total community biomass of invaded community 
less P. hysterophorus was a mere 34.97% of un-invaded community. Dunbar 
and Facelli (1999) observed reduction in biomass of annual plants in response 
to invasion by Orbea variegata. 
51 
Parthenium can affect the community structure and function by 
modifying the physical as well as chemical environment. This species normally 
forms dense stands in which light penetration is quite poor. This phenomenon 
may result in reduced photosynthetic rate and consequently reduced biomass 
accumulation. Allelochemicals like Parthenin released by Parthenium may 
strongly influence the physiology of other plants in an invaded community. An 
interesting finding in this study was the reduction in root length of plants in 
invaded community (Fig. 2). The data shows that in invaded communities 
mean root length was maximum for three species {Commelina benghalensis, 
Xanthium indicum and Parthenium hysterophorus). First two species showed 
considerable reduction in shoot length (Table-4 and Fig-3). In C. benghalensis 
root is the site of alternative mode of reproduction (cleistogamous flowers 
develop on roots of this species), therefore, in this species root elongation may 
be an adaptive response to ensure seed production. A longer root enables a 
plant to explore deeper soil for resources like moisture and nutrients. The data 
obtained amply support the hypothesis that Parthenium may interfere with root 
development of species in an invaded community, therefore, plants with shorter 
roots will be able to explore smaller soil volume for moisture and nutrients; on 
the other hand plants with longer roots will be able to explore larger volume of 
soil and make use of larger quantum of resources. 
Photosynthesis is critical to biomass production. No study on 
photosynthetic characteristics of Parthenium seems to have been conducted. 
However, McDowell (2002) studied photosynthetic characteristics of two non 
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invasive and two invasive species of Rubus. The invasive species achieved high 
A (net photosynthesis) at lower resource investments than the noninvasive 
species, including having higher maximum photosynthetic rate (Amax) per unit 
dark respiration (Rd), greater Amax per unit leaf N (photosynthetic nitrogen-use 
efficiency), and greater water-use efficiency as measured by instantaneous rates 
of A per unit transpiration (A/E) and by integrated A/E inferred from stable 
carbon isotope ratios (513C). Using discriminant analysis, these photosynthetic 
characteristics were found to be powerful in distinguishing between the 
invasive and noninvasive Rubus. Amax and A/E were identified as the most 
useful variables for distinguishing between the species, and therefore, may be 
important factors contributing to the success of these invasive species. Baruch 
& Goldstein (1999) and Durand and Goldstein (2001) are also of the view that 
invasive species can achieve success by maximizing photosynthesis. Studies on 
photosynthetic characteristics of Parthenium hysterophorus compared to native 
species are needed to ascertain similar kind of strategy is adopted by 
Parthenium or not. Moore et al. (1987) classified P. hysterophorus as C4-C3 
intermediate. It possesses a Kranz-like leaf anatomy. The bundle sheath cells 
are thick-walled and contain numerous granal chloroplasts, prominent 
mitochondria, and peroxisomes, all largely arranged in a centripetal position. 
Both mesjphyll and bundle sheath chloroplasts accumulate starch. P. 
hysterophorus exhibits reduced photorespiration as indicated by a moderately 
low CO2 compensation concentration (20-25 microliters per liter at 30°C and 
21% 02) and by a reduced sensitivity of net photosynthesis to 21% 02. 
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Therefore, reduced loss of photosynthetic products through photorespiration 
may enhance biomass accumulation in this species. 
Two lines of arguments may be adopted to explain the biomass loss of 
species other than Parthenium. Parthenium often forms dense stands, thereby, 
reducing light availability to under-storey species. Therefore, species adapted 
to full sunlight will experience a reduced photosynthetic rate and biomass 
accumulation. On the other hand shade loving species will experience no or 
little reduction in biomass accumulation. Gurevith et al. (2008) reported that 
light had the strongest effect on growth of native as well as invasive species. 
Parthenin, a sesquiterpene lactone found in Parthenium leaves is a known 
inhibitor of growth (Kanchan and Jayachandra, 1980 a; Saxena et al, 1991; 
Kohli et al, 1993; Batish et al, 1997). Singh et al (2002) reported reduction in 
chlorophyll contents in Ageratum conyzoides plants sprayed with Parthenin 
solution. Parthenin is found in leaves of P. hysterophorus and may cause a 
reduction in chlorophyll contents of other species in invaded communities, 
thereby, reducing the photosynthesis and organic matter production. 
This study raised several questions which require further investigations 
to answer. The species composition of invaded and un-invaded communities 
was nearly similar in this study. Besides this, many plant species reported to 
occur in the area (Husain, 1970) were not found in either invaded or un-
invaded communities. Whether, this absence of certain species was due to 
sampling artifact or due gradual elimination of sensitive species. It must be 
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recalled that P. hysterophorus was first sighted in Aligarh in early 1980s or late 
1970s. It appears that during quarter century of its existence in Aligarh this 
species has changed community composition at least in certain areas. Study of 
impact of P. hysterophorus on species composition of artificial communities or 
Parthenium removal experiments may answer this question. 
At least one study (Kumar & Gautam, 2008) has documented that 
Parthenium leaf extracts may cause cytological disorders in pollen mother cells 
of Helianthus annuus. If other species also respond to Parthenium leaf 
washings (as during rains) in the same manner, it can affect pollen fertility and 
consequently seed setting in sympatric species. Cytological behavior of wild 
plant species treated with P. hysterophorus leaf extracts needs to be studied. 
Another important finding which has received relatively little attention 
in Indian context s the pollen allelopathy. P. hysterophorus is one of the six 
known pollen allelopathic species (Murphy, 2001). AeropoUen sampling in 
Bangalore (Southern India) over a 6-year period revealed that 40-60% of the 
total pollen count was from P. hysterophorus (http://www.ijdvl.com/article. 
asp?issn=0378-6323;year=2007;volume=73;issue=5;spage=296;epage=306; 
aulast= Lakshmi#ft6). It may be argued that air bcme pollen may affect even 
allopatric species through pollen allelopathy, thus, influencing the plant 
diversity over a much larger landscape. 
Studies of community structure in response to P. hysterophorus have 
mostly focused on the species richness component of diversity. Evenness 
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component, which is of no less importance, seems to have received no attention 
of ecologists working on ecological impact of P. hysterophorns. This study has, 
perhaps for the first time documented, changes in evenness component of 
diversity in P. hysterophorus infested communities. 
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This dissertation embodies the results of field survey conducted in the 
campus of Aligarh Muslim University, Aligarh in vegetation patches infested 
and not infested with Parthenium hysterophorus, an alien invasive species. The 
objectives of the study were (a). To study the plant community structure in P. 
hysterophorus infested vegetation patches, (b) To study the effect of 
Parthenium hysterophorus on species diversity, richness, evenness, dominance, 
density and frequency in native vegetation and (c) To study the impact of 
Parthenium hysterophorus on native vegetation plant biomass, root length and 
shoot length. 
The specie;; richness (S) was more or less similar in both kinds of 
vegetation patches (24 and 26 respectively for plots with and without 
Parthenium). However, calculation of effective number of species gave a more 
realistic picture of the difference between diversity of the two kinds of 
vegetation patches. The vegetation patches without Parthenium were found to 
be more diverse than those with Parthenium. A higlier evenness index for plots 
without Parthenium also suggested more even distribution of abundance values 
among component species. 
The species common between infested and non infested plots showed 
statistically significant loss of biomass in Parthenium infested plots. Maximum 
biomass loss (80%) was shown by Brachiaria ramosa and Croton 
bonplandianum followed by Maslvastrum coromandelianum (75%). Cassia 
tora, Commelina benghalensis, Achyranthes aspera, Crotalaria medicaginea. 
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Gomphrena celosioides, Xanthium indicum, and Euphorbia hirta also showed 
more than 50% biomass loss. Minimum loss was recorded for Coccinia 
grandis. At community level a total loss of 38.73% was shown by communities 
infested with P. hysterophorus. 
Eight species showed statistically significant reduction in root length. 
Maximum loss of 59% was shown by Crotalaria medicaginea. Malvastrum 
coromandelianum and Conyza bonariensis also showed root length reduction 
of about 51%. Four species {Boerhavia diffusa, Gomphrena celosioides, 
Coccinia grandis and Commelina benghalensis) showed increase in root 
length. 
All species common between infested and non-infested plots showed 
loss in shoot length. Maximum loss of 68% was shown by Sida rhombifolia 
and minimum loss of 28.68 was shown by Physalis minima. 
Reduction in density was also recorded for some plant species common 
between two kinds of plots. Maximum loss of 92% was shown by Commelina 
benghalensis and minimum loss of 7.89% was recorded for Euphorbia hirta. 
Trianthema poltulacastrum (49%), Cassia tora (41.9%) and Physalis minima 
(28.5%) showed increase in density values. 
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